Bagasse is sugar cane after the sugar has been extracted. Because of the toughness of its fibres and their good insulating properties it is used for making boards for interior decorating and for thermal insulating purposes. The sugar cane which is used for this purpose is grown in Louisiana and shipped to to this country in bales. When the bales are packed in America the bagasse contains 4 per cent. of glucose, but on arrival in England it is sugar free.
and the sections then thrown into the case. The bagasse was thus shredded by this dry process and the small pieces were carried by the conveyor belt as before. This process proved to be very dusty. Bagasse, as found at the factory, consists mostly of cellulose fibre, though some of the cellulose is present in crystalline form. It also contains 1 per cent. of protein. Nagelschmidt found that bagasse gave 3 per cent. of ash on ashing at 4000 C. By alternating treatment of this ash with cold dilute acid and hot dilute alkalies, over 80 per cent. could be dissolved. This dissolved portion contained the amorphous silica which came to about 50 per cent. of the total ash. The residue contained much quartz. Microscopic and x-ray diffraction analysis put the quartz at about 3-5 per cent. of the total ash. This amorphous silica formed roughly 1-2 per cent. of the bagasse and quartz 0-1-0-2 per cent.; many of the quartz particles were 20-30,u in size. It was most improbable, therefore, that any risk of silicosis could arise in handling bagasse. Bagasse was also found to contain many fungi. J. T. Duncan examined samples and also dust from the shredder room. He found many fungi present, and estimated that one gramme of the airborne dust contained 240 million fungal spores. These consisted of the uncultivable teliospores of fungi of the order Pucciniales (Rusts), as well as the conidia of many species of saprophytic fungi. About 20 different species were isolated in culture, including Paecilomyces varioti, Aspergillus fumigatus, A. niger, A. terreus, and A. candida, Trichoderma lignorum, Monilia sitophilia, Aleurisma sp. and species of Penicillium, Mucor, Rhizopus, etc. In 1940, after the installation of the dry bale breaking machinery, cases of respiratory illness began to appear among employees working the shredding machine and breaking the bales. These cases were observed by Lloyd (1940) at the Brompton Hospital. He considered that he was dealing with an unusual kind of pneumonia which was related to bagasse, but did not think that there was sufficient evidence to establish the aetiology. He consulted E. L. Middleton, H.M. Medical Inspector of Factories who advised that the machinery should be modified by a jet of water being directed on to the wheel to allay the dust. This advice was carried out in 1941, and until 1944 no further case of respiratory disease which could be attributed to the bagasse occurred in England.
Review of Literature Jamison and Hopkins (1941) described the case of a young negro labourer who was employed in 1940 unloading bagasse from a ship at a boardmaking factory in New Orleans. This was a very dusty occupation. He developed an acute febrile illness with marked dyspnoea, cough and scanty blood-stained sputum. Physical signs showed rales scattered throughout both lungs. X-rays showed ' miliary mottling' through both lung fields, but these cleared in the course of 2 months, leaving a normal healthy picture. The patient recovered completely. From a concentrate of a 24-hour specimen of his sputum a fungus was grown on two occasions. The authors, however, while stating that in their opinion this was the cause of the illness, fail to state the nature of the fungus.
Castleden and Hamilton-Paterson (1942) reported four case of ' bagassosis,' an industrial lung disease.
The first was a boy of 19, who after working for six weeks in the spring of 1941, developed a bilateral pneumonia which radiologically showed an extensive consolidation in both lungs with enlarged mediastinal glands. The appearances did not show the typical miliary mottling of the syndrome associated with bagasse, but the process may have become confluent in this particular case, though it is impossible to distinguish from the atypical pneumonia which was prevalent in that year, and which has been well described by Drew, Samuel and Ball (1943) Hart and Aslett (1942) . Castleden and Hamilton-Paterson also described skin tests which they had carried out on some of the workers. These showed that some developed a skin sensitivity to extracts of bagasse. Sodeman and Pullen (1944) FIG. 4.-Case 4; three years after the acute illness. considerable amount of sticky sputum, and progressive loss of weight. On examination his apex beat was not displaced, his pulse rate 88, blood pressure 150/105. There was slight thickening of the peripheral arteries and his aortic second sound was accentuated. He was cyanosed and dyspnoeic; the percussion note was normal and the breath sounds vesicular. Crepitant rales and occasional rhonchi were heard all over the chest. His sputum was negative for tubercle bacilli and lung fibres. The blood sedimentation rate was 40, and his blood count showed no abnormality. X-ray of his chest on April 27th, 1940, showed a diffuse miliary mottling scattered throughout both lung fields. By May 24th, 1940, this had substantially cleared, and on June 4th, 1940, he was discharged. Further x-rays taken on September 5th, 1940, and July 15th, 1943, revealed no abnormality, although he still complained of a severe winter cough with thick black sputum, and on examination there were scattered crepitations throughout both lungs. Case 3. T. H., aged 29. He had worked as a pithead worker in Scotland for 5 years, and had then been unemployed until he joined the firm on January 21st, 1940. He worked as a labourer until March 16th, 1941, and then worked on the shredding machine until he was taken ill on April 27th, 1941. He was extremely short of breath, and had a cough with black stringy sputum; no haemoptysis and no pain. He was in bed for 3 weeks with a temperature up to 1030 F. for 3 days. An x-ray was taken of his chest at Wembley Hospital on May 29th, 1941, and this showed mottled opacities scattered throughout both lungs, their frequency being greater on the right side. On September 23rd, 1943, he was quite well, working at the degreasing of metal sparking plugs. He had no symptoms, no abnormal physical signs, and an x-ray showed no evidence of disease in the lungs.
Case 4. A. W., aged 54. He had worked as a farm labourer and in the Army until he joined the firm on July 9th, 1940. He then worked on the shredding machine until August 22nd, 1940, when he was taken ill. He was admitted to St. Charles Hospital, Ladbroke Grove, on August 28th, 1940, complaining of severe cough with purulent sputum, shortness of breath and night sweats for two weeks. On examination there were scattered riles over both bases and rhonchi at the left apex. He had clubbing of the fingers. During his first week in hospital he had a fever up to 100-5°F. Examination of his sputum showed no tubercle bacilli. X-ray of his chest on August 28th ( fig. 3) showed very extensive mottling with some confluent areas throughout both lungs. X-ray examination on September 30th, 1940, showed that this process had almost cleared, and he was discharged from hospital on November 3rd, 1940. On July l5th, 1943, he was well, but still complained of some shortness of breath. On examination there were no abnormal physical signs. X-ray of his chest revealed no abnormality (fig. 4) 1941, showed extensive consolidation in both lower lobes with marked enlargement of the hilar glands. X-ray on June 15th showed some extension of the process, but on July 5th there was marked clearing, and by August 29th the lungs were completely clear. On August 27th, 1943, he was well and serving at sea with the Royal Navy. He had no symptoms, no abnormal physical signs, and x-ray of his chest showed no abnormality in the lungs.
In 1943 all the workers in the factory were interviewed and occupational histories taken. It was found that out of 163 men employed 22 had worked in the coal mines. A portable x-ray apparatus was taken to the factory and a skiagram (15 in. x 12 in.) was taken of the chest of all the workers. Of the 22 men who had previously been employed in the coal mines 19 showed evidence of chronic pulmonary disease, ranging through all stages of fibrosis, reticulation, nodulation and massive shadows. Three of these men, two showing fibrosis and one reticulation, had also worked on the shredding machine. These appearances could be superficially confused with those caused by bagasse, but whereas the latter is an acute febrile illness which clears in weeks or months, the former is a chronic state with no change over many years. Eight cases of pulmonary tuberculosis were also discovered.
Specimens of sputum obtained from the four men, who were working on the shredding machine at this time, were submitted to Duncan who isolated from them species of fungi common on the bagasse and in the dust of the shredder room. Microscopical examination of the sputum did not reveal evidence pointing to mycosis, but showed the ingredients of the airborne dust. The fungal elements present, from which the cultures were obtained, represented merely the result of recent inhalation of dust.
In 1944 the men working on the shredder again had skiagrams taken of their chests. One man complained ofsymptoms and the skiagram revealed the characteristic picture described in the previous cases. Attempts were made to persuade him to come into hospital but he declined, and being a citizen of Eire he returned to that country. As far as is known he was afebrile. It seems possible, therefore, that the x-ray changes may precede the onset of the acute illness and be caused by bronchiolar obstruction, giving rise to small areas of collapse.
Case 11. J. S., aged 50. Started work at the age of 15 as a messenger boy. Apart from 6 years in the Army he had worked in a bacon factory, and on buildings in Ireland until 1943 when he came to England and started work at the board-making factory. For the first 6 months he worked on the beater floor in the main building and for the 6 months previous to examination he worked on the shredding machine. For 3 months he had had shortness of breath on exertion, a severe dry cough which was worse at night and in the early morning. He had a poor appetite and was losing weight. On examination no abnormal physical signs were found. A skiagram of his chest showed a diffuse miliary mottling throughout the lung fields.
A man who had worked part of three shifts on the shredding machine but had otherwise worked for a year at the far end of the factory, was discovered on x-ray examination to have bilateral fibrosis and possibly cavitation of an unusual type in both lungs. The x-ray appearances were similar to those of the electrical mechanic already referred to as working in the shredder room in 1940. Both men were admitted to hospital for further investigation. Their case histories were as follows:-Case 12. T. M., aged 38. (Case 2, Castleden and Hamilton-Paterson, 1942.) He had worked as a fitter until he joined the firm as an electrical maintenance mechanic. In this capacity he was intermittently in close contact with the dry crushing process during the installation of the new shredding machine between August 1939 and September 3rd, 1940, when he first complained of shortness of breath, cough and scanty sputum. His only previous illness was in 1935, when he was in Salisbury Infirmary for a few days with acute bronchitis. and considerable bronchiectasis up to 0-5 cm. diameter with a few bronchiectatic cavities up to 1 cm. diameter. These cavities were empty and had smooth grey linings. There were thickened dilated bronchioles up to 0-3 cm. diameter throughout the anterior third of left upper lobe and throughout lower lobes of both lungs and right middle lobe, with much intervening well aerated emphysematous lung tissue. 'Ihere were large areas of severe emphysema with emphysematous bullae in all borders of lower and middle lobes of both lungs. There were numerous irregularly shaped, grey and black mottled, tough mostly subpleural patches up to 3 5 cm. broad of completely fibrotic lung tissue with a smooth rubbery cut surface throughout the upper lobe of the right lung affecting all the lung tissue in the apex and almost all of the posterior fifth of the lobe, but with a considerable amount of well aerated intervening lung tissue in the rest of the lobe. Similar areas of fibrotic pneumonia formed an interrupted irregular subpleural zone 12 cm. long with depth varying from 0-2 to 1-2 cm. in the posterior part of each lower lobe, and also patches 15 cm. broad near the hilum of each lower lobe. Thick white pus was present in many bronchioles throughout both lungs. Numerous areas of fibrous thickening, up to 0-2 cm. thick, of the visceral pleura covered both lungs. Fibrous pleural adhesions obliterated both pleural cavities except over part of the left lower lobe.
Professor H. M. Turnbull is working on the pathology of the disease and when the work is completed will publish a full account of it in this journal.
Case 13. T. K., aged 42. He had worked on a farm and as a cellarman in Ireland before he joined the firm in July 1938. He worked in the packing department and on the 'defibrator' in the main factory, and on three occasions he worked part of a shift on the shredding machine. He complained of no symptoms, but in the mass radiographic examination of the employees on September 10th, 1943, he was found to have extensive fibrosis in the mid zone of both lungs (fig, 8) . He was admitted to the London Hospital on November 23rd, 1943, and tomographs suggested the presence of cavities. Sputum examination revealed no tubercle bacilli on smear, concentration, culture or guinea-pig inoculation. Mr. Vernon Thompson performed a bronchoscopy on December 6th, 1943, and took swabs from the pus in the bronchi. Examination revealed no tubercle bacilli on smear, concentration, culture or guinea-pig inoculation. None of the fungi common in the sputum of men working on the shredding machine were found. The patient was discharged on December 8th, 1943, and his condition has not changed since then.
None of the fungi common in the sputum of men working in the shredding room were found in these two men's sputum. It may be presumed that when they and the other men were exposed to the dust of the shredding room, their sputum and probably the larger bronchi contained numerous inhaled fungus spores. We have no evidence of survival of any of the fungi in the lungs of men after removal from exposure to the atmosphere of the shredding room.
These two men were less exposed to bagasse than those who developed the acute infection described in cases 1-10; nevertheless they were exposed and
